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Introduction
Reactive nitrogen (NOy = NO + NO 2 + NO 3 + 2N205 + HONO + HO2NO 2 + HNO 3 + PAN + C1ONO 3 + aerosol nitrate + ...) species play an important role in the photochemistry of the troposphere and stratosphere. NO is an important indicator of the partitioning within the NO, reservoir and can be used to infer and limit the abundance of the higher nitrogen oxides [Kawa et al., 1992] . During the day, NO is produced by the photolysis of nitrogen dioxide (NO2) and other NOy. species.
The NO/NO 2 ratio requires only minutes in the sunlit atmosphere to reach steady state [Kawa et al., 1992] . We describe here a distinct layer encountered at mid-latitudes above the sunlit tropopause during the spring of 1993 in which NO approached values near zero (< 0.02 parts per billion by volume, ppbv) and NOy values were large (-2 ppbv). This partitioning is consistent with the effects of heterogeneous reactions in the layer involving the inorganic chlorine species HC1 and C1ONO 2. These reactions form HNO 3 at rates signifi- These reactions can take place on solid and liquid stratospheric particles such as NAT, ice, and sulfate aerosols. Normally, the partitioning in the mid-latitude stratosphere is not affected by these reactions due to their large temperature dependence, with rates that only become comparable to the N20 5 hydrolysis reaction at temperatures below 200 K. However, the rate constants also depend very strongly on aerosol composition, increasing exponentially with H20 weight percent (wt%). Above the removal layer, the aerosol H20 fraction calculated using an analytic ternary solution model [Carslaw et al., 1995 ' Del Negro et al., 1996 is 35 wt%, a value that is typical for the stratosphere. In the removal layer, the value increases to over 55 wt% due to the local increase in H20. This change in aerosol composition corresponds to an increase in the water activity of -10 [ Ravishankara and Hanson, 1996] , with a corresponding 50-fold increase in the reactive uptake coefficient, T, for (R1) . The lifetime of C1ONO2 for the combination of (R1) and (R2) decreases from more than 30 days above the removal layer to 0.5 day or less in the layer. Thus, the conversion rate of NOx to HNO3 by (R1) and (R2) exceeds the production rate of NOx from HNO3, thereby largely removing NO x within a diurnal cycle. NO removal requires both (R1) and (R2)' (R2) to increase the Cly fraction available to form C1ONO2 (HC1 reformation is slow) and (R1) to remove C1ONO2 formed with C10 and available NO2. Since HOC1 in (R1) reforms C10 through photolysis and reaction with 03, C1ONO2 will continue to form and undergo conversion provided NO2 is available. This cycle will maintain low levels of NOx as long as the rate constants of (R1) and (R2) are sufficiently enhanced. destruction in the lower stratosphere near the tropopause are sensitive to increases in H20 concentrations, particularly during periods of high aerosol loading. Consequently, the heterogeneous processes and controlling parameters that cause these important photochemical changes should be represented accurately in models of global change. Of specific interest will be assessments of the global effects of continued aircraft emissions of NOx, H20, and sulfur species.
